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(54) ULTRASONIC TRANSDUCER DEVICE AND AIR SUSPENSION DEVICE COMPRISING THE

ULTRASONIC TRANSDUCER DEVICE

(67)  The invention is concerned with an ultrasonic
transducer device (1) comprising a piezoelectric element
(3), a damping device (4), a carrier element (5) and a
damping plate (8). The invention is characterized in that
the piezoelectric element (3) is mechanically coupled to

___________________________

the damping plate (8) by means of a first damping ele-
ment (6) of the damping device (4). The damping plate
(8) is mechanically coupled to the carrier element (5) by
means of a second damping element (7) of the damping
device (4).
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Description

[0001] The invention is concerned with an ultrasonic
transducer device and an air suspension device compris-
ing the ultrasonic transducer device.

[0002] Ultrasonic ranging is one of the common tech-
niques to determine the distance to an object. Ultrasonic
ranging is based on the time of flight method wherein the
distance s calculated based on the time of flight between
a transmission and a reception of a sound wave and the
speed of sound of the sound wave. To determine the time
of flight, an ultrasonic transducer device sends the sound
wave in a predefined direction to the object. The sound
wave is reflected by the object. The reflected sound wave
is detected by the ultrasonic transducer device. Ultrason-
ic transducer devices comprise piezoelectric elements
for sending and receiving the ultrasonic waves. To avoid
an affection of electronic devices by vibrations originating
from excitations of the piezoelectric element, the piezo-
electric elementis usually damped by a damping element
placed between the piezoelectric element and a carrier
element.

[0003] To transmit the sound wave the piezoelectric
element is excited by a voltage over a predefined time
of excitation. Even after the time of excitation the piezo-
electric element continues to oscillate with a decaying
amplitude. This effect is known as ringing. The time until
the amplitude is below a predefined value is called the
decay time or the ringing time. During the ringing time it
is not possible to detect the reflected sound wave be-
cause itis not possible to distinguish between oscillations
caused by the reflected sound wave and the oscillations
caused by ringing. Thus the ringing time sets a lower limit
for the time of flight that may be measured by the ultra-
sonic transducer device. As the time of flight is propor-
tional to the distance, low distances cannot be measured
by the ultrasonic transducer device.

[0004] Itis an object of the presentinvention to provide
a solution that allows a shortening of the ringing time.
[0005] The objectis accomplished by the subject mat-
ter of the independent claims. Advantageous develop-
ments with convenient and non-trivial further embodi-
ments of the invention are specified in the dependent
claims, the following description, and the drawings.
[0006] Theinvention provides an ultrasonic transducer
device comprising a piezoelectric element, a damping
device, a carrier element and a damping plate. The pie-
zoelectric element is mechanically coupled to the damp-
ing plate by means of a first damping element of the
damping device. The damping plate is mechanically cou-
pled tothe carrier element by means of a second damping
element of the damping device. In other words, the ultra-
sonic transducer device comprises the damping device
which is arranged between the piezoelectric element and
the carrier element. The damping device is separated
into the two damping elements by the damping plate. The
first damping element couples the piezoelectric element
to the damping plate. The second damping element cou-
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ples the carrier element to the damping plate. This results
in a sandwich arrangement.

[0007] Theinventionhasthe advantage thatadamping
ratio of the ultrasonic transducer device may be in-
creased by the mass of the damping plate according to
the principle of a mass-spring system.

[0008] As an example, the ultrasonic transducer de-
vice may comprise the piezoelectric element which may
be made of lead zirconate titanate or other piezoelectric
ceramic materials. The piezoelectric element may be at-
tached to the carrier element by means of the damping
device. The carrier element may be a housing of an elec-
tronic device or a surface of a pneumatic spring. During
an excitation of the piezoelectric element by an applied
voltage, the piezoelectric element may oscillate to trans-
mit a sound wave. To avoid an affection of the carrier
element by the oscillations, the damping device may be
made of a damping material that absorbs mechanical
energy. The damping device may be made of polymers
or silicon. After a time of excitation of the piezoelectric
element by an applied voltage, the piezoelectric element
may still oscillate for a ringing time. It may take some
time until the oscillation has decayed under a predefined
amplitude. Atthe end of the ringing time the piezoelectric
element may be ready to detect an ultrasonic reflected
signal. The ringing time depends on the energy dissipat-
ing in the damping device. To shorten the decay time it
may be intended to place the damping plate into the
damping device to provide two damping elements sep-
arated by the damping plate. The mass of the damping
plate may influence the damping ratio of the damping
device. By selecting a predefined weight of the damping
plate, the damping ratio may be increased with respect
to a damping device without the damping plate.

[0009] The invention also comprises embodiments
that provide additional technical advantages.

[0010] According to afurther embodiment of the inven-
tion the damping plate comprises a damping printed cir-
cuit board. In other words, the two damping elements of
the damping device are separated by the damping print-
ed circuit board. The invention has the advantage that
electronics may be placed between the two damping el-
ements. As an example, the damping plate may comprise
sensor elements placed on the damping printed circuit
board.

[0011] According to afurther embodiment of the inven-
tion the damping printed circuit board comprises an am-
plifying circuit configured to amplify signals of the piezo-
electric element. In other words, the ultrasonic transducer
device comprises the amplifying circuit for increasing a
voltage of a signal send upon a reception of a reflected
sound wave by the piezoelectric element. The amplifying
circuitis placed on the damping printed circuit board. The
invention has the advantage that a distance between the
piezoelectric element and the amplifying circuit is de-
creased compared to an amplifying circuit on the carrier
element. The decreased distance allows a shortening of
the length of connection wires connecting the piezoelec-
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tric element and the amplifying circuit. As the amount of
noise received by the wire depends on the length of the
wire, a shortening of the wire reduces the amount of noise
send to the amplifying circuit. It may be possible that a
reflected sound wave received by the piezoelectric ele-
ment may cause a voltage of some microvolts ata surface
of the piezoelectric element. The voltage may be send
as a signal to a control circuit for further analysis. The
voltage of the signal may be too low for further analysis.
So it may be necessary to increase the voltage of the
signal to a higher level using the amplifying circuit by
means of a connection wire. The wire may receive noise
signals which may be proportional to a length of the wire.
As the amplifying circuit amplifies the signal of the pie-
zoelectric element and the noise signals, it may be favo-
rable to minimize the length of the wire between the pi-
ezoelectric element and the amplifying circuit. To mini-
mize a length of a wire connecting the piezoelectric ele-
ment and the amplifying circuit, the amplifying circuit may
be placed on the damping printed circuit board.

[0012] Accordingto afurther embodiment of the inven-
tion the damping plate comprises weight elements. In
other words, to increase the weight of the damping plate
weight elements are attached to the damping plate. The
invention has the advantage that the damping plate has
a higher mass leading to a higher damping ratio of the
ultrasonic transducer. As an example, small non-func-
tional elements made of lead may be placed on the damp-
ing plate.

[0013] Accordingto afurther embodiment of the inven-
tion, the carrier element is a main printed circuit board
comprising connectors for supplying energy to the pie-
zoelectric element. In other words, the damping device
is attached to a printed circuit board. The main printed
circuit board comprises connectors for energy supply of
the ultrasonic transducer device. The embodiment has
the advantage that electronics to control the piezoelectric
element may be placed under or close to the damping
device. As an example the carrier element may be de-
signed as a printed circuit board wherein the printed cir-
cuit board comprises electronic devices to interpret sig-
nals of the piezoelectric element. The connectors may
provide energy to supply the ultrasonic transducer de-
vice.

[0014] Accordingto a further embodiment of the inven-
tion, the damping printed circuit board comprises a con-
trol unit configured to control the piezoelectric element.
In other words, the control unit configured to generate a
driving voltage for the piezoelectric element and/or to re-
ceive signals of the piezoelectric element is attached on
the damping printed circuit board. The invention has the
advantage that the control unit driving the piezoelectric
element is close to the piezoelectric element. As an ex-
ample the control unit configured to create a driving volt-
age for driving the piezoelectric element may be attached
on the damping plate.

[0015] Accordingto afurther embodiment of the inven-
tion, the main printed circuit board comprises the control
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unit configured to control the piezoelectric element. In
other words, the control unit configured to generate a
driving voltage for the piezoelectric element and/or to re-
ceive signals of the piezoelectric element is attached on
the carrier element. The invention has the advantage that
the control unit driving the piezoelectric element is close
to the piezoelectric element. As an example the control
unit configured to create a driving voltage for driving the
piezoelectric element may be attached on the carrier el-
ement.

[0016] According to afurther embodiment of the inven-
tion the damping plate is electrically connected to the
piezoelectric element and/or the carrier element by
means of wires wherein the wires are embedded in the
damping device. In other words, the damping elements
comprise wires to connect the damping plate with the
piezoelectric element and/or the carrier element. The in-
vention has the advantage that a direct connection to the
piezoelectric element is provided inside the damping de-
vice. As an example the wire may comprise microwires
inside the damping element. A length of the microwires
may be longer than a distance between the damping plate
and the piezoelectric element or the carrier element in
an unstretched state. The length of the wires prevents a
rupture of the wires during the oscillation.

[0017] According to afurther embodiment of the inven-
tion, the damping device is made of an elastomeric com-
pound. In other words, the damping device comprises an
elastic polymer. The embodiment has the advantage that
the damping device comprises a material with a higher
loss factor than other common materials. As an example,
the damping device may comprise silicones, rubber or
fluoroelastomers.

[0018] The invention also comprises the combinations
of the features of the described embodiments.

[0019] In the following an exemplary implementation
of the invention is described. The figures show:

Fig. 1 a schematic illustration of an embodiment of
the ultrasonic transducer device;

Fig. 2 a schematic illustration of an oscillation of an
ultrasonic transducer device without a damping
mass; and

Fig. 3 a schematic illustration of an oscillation of an
ultrasonic transducer device with a damping mass.

[0020] The embodiment explained in the following is a
preferred embodiment of the invention. However, in the
embodiment, the described components of the embodi-
ment each represent individual features of the invention
which are to be considered independently of each other
and which each develop the invention also independently
of each other and thereby are also to be regarded as a
component of the invention in individual manner or in
another than the shown combination. Furthermore, the
described embodiment can also be supplemented by fur-
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ther features of the invention already described.

[0021] In the figures elements that provide the same
function are marked with identical reference signs.
[0022] Fig. 1 shows a schematic illustration of an em-
bodiment of the ultrasonic transducer device 1. The ul-
trasonic transducer device 1 may be configured to deter-
mine a distance between two objects by measuring a
time of flight of a sound wave. To send the sound wave,
the ultrasonic transducer device 1 may comprise the pi-
ezoelectric element 3. The piezoelectric element 3 may
be configured to oscillate, when it is excited by an am-
plified voltage. The piezoelectric element 3 may transmit
the sound signal in an ultrasonic frequency range. The
piezoelectric element 3 may be configured to provide a
voltage, when it receives an echo of the sound signal.
To prevent an excitation of the environment of the ultra-
sonic transducer device 1, the piezoelectric element may
be placed on the damping device 4 which is coupled to
the carrier element 5.

[0023] The ultrasonic transducer device 1 may be
placed in an air suspension device 2 like an air spring to
determine a distance between two objects of the air
spring. The piezoelectric element 3 may comprise a pi-
ezoceramic material. The damping device 4 may consist
of an elastomeric component. The damping device 4 may
comprise the first damping element 6 and the second
damping element 7, separated by the damping plate 8.
The first damping element 6 may connect the damping
plate 8 and the piezoelectric element 3. The second
damping element 7 may connect the damping plate 8
and the carrier element 5. The damping plate 8 may com-
prise the damping circuit board 9 which may comprise
the amplifying circuit 10 and/or a control unit 12. Wires
13 may be placed inside the first damping element 6
and/or the second damping element 7 to provide an elec-
tric connection between the piezoelectric element 3, the
damping plate 8 and the carrier element 5.

[0024] To increase the weight of the damping plate 8,
the damping plate may comprise weight elements 11.
The weightelements 11 may comprise lead, steel or other
elements. The weight elements 11 may have a higher
density than the damping element 7.

[0025] Fig. 2 shows the schematic illustration of an os-
cillation of an ultrasonic transducer device 1 without the
damping plate 8. To transmit a sound wave, the piezoe-
lectric element 3 may be excited by the control unit 12
by means of a voltage of excitation with an amplitude V1.
The voltage may be supplied to the piezoelectric element
3 by the control unit 12 for a predefined transmission time
tt. The amplitude of the oscillation e of the piezoelectric
element caused by the excitation voltage Vt decays after
the transmission time tt. The decay time tr is also called
the ringing time. Ata momentof arrival T the piezoelectric
element 3 is receiving the reflected wave. The reflected
wave causes an oscillation of the piezoelectric element
3,leadingtoavoltage r caused by the piezoelectric effect.
As an amplitude of the oscillation r is low compared to
the amplitude of the decaying oscillation e it is not pos-
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sible to distinguish between the oscillation originating in
the ringing of the piezoelectric element 3 and the oscil-
lation r originating in the reception of the reflected wave.
Thus it is not possible to detect the moment of arrival T
during the ringing time tr.

[0026] Fig. 3 shows a schematic illustration of an os-
cillation of an ultrasonic transducer device 1 comprising
the damping plate 8. The ultrasonic transducer device 1
comprising the damping plate 8 has a shorter ringing time
tr than the device without the damping plate 8 as shown
in Fig. 2. When the piezoelectric element 3 receives the
reflected wave at the moment of arrival T the ringing time
tr has ended. As there is no overlap of the oscillations e
and t, itis possible to determine the moment of arrival T.
[0027] Two problems are associated with prior art. The
first problem relates to a limitation of the measurable dis-
tance, due to remnant oscillation of the ultrasonic trans-
ducer device after a transmission of a sound wave. As a
transducer, the piezoceramic element oscillates when a
current is passed through creating sound waves in the
ultrasonic frequency spectrum (acts as signal transmit-
ter) and when the current stops flowing it will be excited
by the incoming reflected sound wave generating a volt-
age based on the amplitude of the echo signal. As atrans-
mitter, after the current stops flowing there is a remnant
oscillation (ringing) of the piezoceramic element which
requires a certain amount of time to dampen. The ultra-
sonicranging applications are based on the Time of Flight
principle where the echo return time is measured and
distance is calculated considering the sound propagation
speed through the used medium. The remnant oscillation
(ringing) reduces the minimum measurable distance be-
cause the piezoceramic element cannot detect any echo
while it is still vibrating after it has transmitted the sound
pulse. The piezoceramic element when is excited by
sound waves will generate voltage levels in the range of
wV.

[0028] The second problemis related to noise depend-
ing on a length of electrical connections between the pi-
ezoceramic element and the amplifying circuitry. Long
electrical connections between the piezoceramic ele-
ment and the amplifying circuitry are highly susceptible
to noise. The noise is caused by a reception of electro-
magnetic waves from the environment through the elec-
trical connections. The noise received by the electrical
connections between the piezoceramic element and the
amplifying circuitry is amplified by the amplifying circuitry
the same way as the voltage originating in the piezoce-
ramic element. Therefore electrical connections passing
a whole damping device disturb the signals of the pie-
zoceramic element.

[0029] The invention proposes a piezoceramic ultra-
sonic transducer design with an integrated damping
mass. The damping mass is composed of a printed circuit
board containing the signal amplification circuitry neces-
sary to boost the piezoceramic element voltage level.
[0030] Itis proposed to splitthe elastomeric compound
in two parts and to add a damping mass between the two
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parts. The damping mass will reduce the remnant pie-
zoceramic ringing which occurs after the sound pulse
has been generated. A long high amplitude ringing will
mask the real echo and will prevent the piezoceramic
element to detect it. Damping the ringing amplitude al-
lows for the piezoceramic element control circuitry to fast-
er switch from transmit mode to receive mode. This is
very important for short distance ultrasonic ranging ap-
plications. The damping mass is obtained by separating
the elastomeric compound into 2 different sections and
adding a printed circuit board between the 2 sections.
Since the voltage generated by the piezoceramic ele-
ment has a level in the area of wV, the printed circuit
board contains the amplification circuitry necessary for
boosting the piezoceramic element voltage level to a us-
able value. Electrical connections between the amplifi-
cation circuitry, the piezoceramic element and the main
printed circuit board are made with a flexible electrical
connection.

[0031] The damping mass reduces the piezoceramic
element ringing time allowing for shorter distance meas-
urement in an ultrasonic ranging application.

[0032] Using the signal amplification circuitry as the
damping mass allows for shortest possible electrical con-
nections between the piezoceramic element and the am-
plifier circuit improving the noise immunity.

[0033] The piezoceramic element is first excited by ap-
plying a high voltage pulse. The element begins to oscil-
late generating a sound wave in the ultrasonic frequency
range. The sound wave travels away from the surface of
the piezoceramic elementand is reflected back by nearby
obstacles. The same piezoceramic element is used to
detect the reflected wave and to calculate the distance
to the object by the Time of Flight method. After the initial
sound wave is generated the piezoceramic element con-
tinues to vibrate for a certain period of time because of
inertia. This remnant Vibration prevents it to correctly de-
tect the reflected wave. The proposed damping mass
reduces the piezoceramic element ringing time by damp-
ing the remnant vibrations, thus allowing for faster trans-
ducer transmit-receive switching times. The noise immu-
nity is improved by placing the amplification circuitry in
the damping mass thus making the shortest possible
electrical connections between the piezoceramic ele-
ment and the amplification circuit.

[0034] Overall, the example shows how the time of
ringing is reduced by the invention.

Reference signs
[0035]

Ultrasonic sensor device
Air suspension device
Piezoelectric element
Damping device

Carrier element

First damping element
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7 Second damping element

8 Damping plate

9 Damping printed circuit board
10  Amplifying circuit

11 Weight elements

12 Control unit

13 Wires

\Y Voltage

Vt  Voltage of excitation
t Time

tt Time of excitation

tr Time of ringing

e Transmitted wave signal
r Reflected wave signal

T Moment of arrival

Claims

1. Ultrasonic transducer device (1) comprising a piezo-
electric element (3), a damping device (4), a carrier
element (5) and a damping plate (8),
characterized in that

- the piezoelectric element (3) is mechanically
coupled to the damping plate (8) by means of a
first damping element (6) of the damping device
(4), and

- the damping plate (8) is mechanically coupled
to the carrier element (5) by means of a second
damping element (7) of the damping device (4).

2. Ultrasonic transducer device (1), as claimed in claim
1,
characterized in that the damping plate (8) com-
prises a damping printed circuit board (9).

3. Ultrasonic transducer device (1), as claimed in claim
2,
characterized in that
the damping printed circuit board (9) comprises an
amplifying circuit (10), configured to amplify signals
of the piezoelectric element (3).

4. Ultrasonic transducer device (1), as claimed in claim
2 or 3, characterized in that
the damping printed circuit board (9) comprises a
control unit (12), configured to control the piezoelec-
tric element (3) .

5. Ultrasonic transducer device (1), as claimed in any
preceding claim, characterized in that
the damping plate (8) comprises one or more weight
elements (11) .

6. Ultrasonic transducer device (1), as claimed in any
preceding claim, characterized in that the carrier
element (5) is a main printed circuit board comprising
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connectors for supplying energy to the piezoelectric
element (3).

7. Ultrasonic transducer device (1), as claimed in claim
6, characterized in that 5
the main printed circuit board comprises the control
unit (12), configured to control the piezoelectric ele-
ment (3).

8. Ultrasonic transducer device (1), as claimed in any 10
preceding claim, characterized in that
the damping plate (8) is electrically connected to the
piezoelectric element (3) and/or the carrier element
(5) by means of wires (13), wherein the wires (13)
are embedded in the damping device (4). 15

9. Ultrasonic transducer device (1) as claimed in any
preceding claim, characterized in that
the damping device (4) is made of an elastomeric
compound. 20
10. Air suspension device (2) comprising the ultrasonic
transducer device (1) as claimed in any preceding

claim.
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